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DETAILED ACTION 

This office action is in response to the amendment filed May 20, 2004. 

Response to Amendment 

The limitations added to claims 1,15 and 42 are sufficient to overcome the rejections of 
claims 1-3, 5-24, 27, 28, 33-38 and 40-42 under 35 U.S.C. 102(b) as being anticipated by Bai et 
al. (US 6,166,417). 

Drawings 

The replacement drawings received on May 20, 2004 are approved. The objection to the 
drawings is hereby withdrawn. 

Claim Rejections - 35 USC § 103 

The text of those sections of Title 35, U.S. Code not included in this action can be found 
in a prior Office action. 

Claims 1-3, 5-24, 27, 28, 33-38 and 40-42 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Bai et al. (US 6,166,417, previously cited) in view of Elers et al. (WO 
01/29893 Al, previously cited). 

Regarding claim 1, Bai discloses a gate stack in an integrated circuit having PMOS and 
NMOS regions, a dielectric layer (120), and a barrier layer (125) that overlies both the PMOS 
and NMOS regions (Fig. 2 and 9; col. 3, In. 6-35). Bai states that the function of the barrier layer 
is to "inhibit interaction between the gate dielectric and the gate electrode." Thus, the barrier 
layer must be able to keep metal atoms in the gate electrode from diffusing into the underlying 
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gate dielectric. Bai does not disclose that the barrier layer is a nanolaminate; nor does Bai 
disclose by what method the barrier layer may be deposited. Like Bai, Elers discloses depositing 
a barrier layer onto a layer of SiC>2 dielectric. Elers states that it is advantageous to form barrier 
layers such that they are nanolaminates because nanolaminates "have enhanced diffusion barrier 
properties" by virtue of their structure having "very complicated diffusion paths for impurities 
through disruption of normal crystal growth during deposition" (pg. 8, In. 20-25). The 
nanolaminate barrier layer is formed by an ALD (atomic layer deposition process) (pg. 1, In. 28- 
32). At the time of the invention, it would have been obvious to one of ordinary skill in the art to 
form the barrier layer of Bai such that it is a nanolaminate deposited by ALD because Elers 
teaches that a nanolaminate structure provides enhanced diffusion barrier properties and Elers 
teaches that ALD is the way in which such a structure is created. 

Regarding claims 2, 3, 23 and 24, Bai discloses that the barrier layer may be TiN or TaN, 
both of which are conductive material (col. 3, In. 51-54). 

Regarding claims 5, 6, 27 and 28, Bai discloses that the barrier layer has a thickness of 5 
-200 ' (col. 3, In. 36-37). 

Regarding claim 7, Bai discloses that the gate stack includes a first gate electrode layer 
(130 or 135) and a second gate electrode layer (130 or 135) (col. 3, In. 55-65; col. 4, In. 41-53). 

Regarding claims 8 and 17, Bai discloses the first and second gate electrode layers are 
adjacent (Fig. 7). 

Regarding claims 9 and 18, Bai discloses that the first gate electrode layer includes a first 
gate electrode material and the second gate electrode includes a second gate electrode material 
(col. 3, In. 55-65; col. 4, In. 41-53). 
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Regarding claims 10, 11, 19 and 20, Bai discloses that if the first gate electrode is made 
of N-type material, the second electrode will be made of P-type material, and vice-versa. The 
first gate electrode material may include nickel or ruthenium oxide if the material is to have the 
work function of a P-type doped semiconductor or may include ruthenium if the material is to 
have the work function of an N-type doped semiconductor. The same is true for the second gate 
electrode. Hence, the first and second gate electrodes will be made of different conductive 
materials. See col. 1, In. 42-54; col. 3, In. 55 - col. 4, In. 9; col. 4, In. 41-53). 

Regarding claim 12, Bai discloses that the first gate electrode may overlie the PMOS 
region (115) and the second gate electrode may overlie the NMOS region (105) (col. 3, In. 1-16; 
col. 4, In. 4-9). 

Regarding claims 13 and 14, Bai discloses that the work functions of both the first and 
second gate electrodes is determined by the materials (130/135) of the first and second gate 
electrodes (col. 3, In. 48-51). 

Regarding claim 15, Bai discloses depositing a dielectric layer (120) over first and second 
regions (105/1 15) of a substrate, depositing a barrier layer (125) directly over the dielectric layer 
such that it overlies both the first and second regions, and forming first and second gate electrode 
layers (130/135) over the first -and second regions, respectively (col. 3, In. 17 - col. 4, In. 64). 
Bai states that the function of the barrier layer is to "inhibit interaction between the gate 
dielectric and the gate electrode." Thus, the barrier layer must be able to keep metal atoms in the 
gate electrode from diffusing into the underlying gate dielectric. Bai does not disclose that the 
barrier layer is a nanolaminate; nor does Bai disclose by what method the barrier layer may be 
deposited. Like Bai, Elers discloses depositing a barrier layer onto a layer of Si0 2 dielectric. 
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Elers states that it is advantageous to form barrier layers such that they are nanolaminates 
because nanolaminates "have enhanced diffusion barrier properties" by virtue of their structure 
having "very complicated diffusion paths for impurities through disruption of normal crystal 
growth during deposition" (pg. 8 5 In. 20-25). The nanolaminate barrier layer is formed by an 
ALD (atomic layer deposition process) (pg. 1, In. 28-32). At the time of the invention, it would 
have been obvious to one of ordinary skill in the art to form the barrier layer of Bai such that it is 
a nanolaminate deposited by ALD because Elers teaches that a nanolaminate structure provides 
enhanced diffusion barrier properties and Elers teaches that ALD is the way in which such a 
structure is created. 

Regarding claim 16, Bai discloses that one of the regions is a PMOS region and the other 
region is an NMOS region (col. 3, In. 8-16). 

Regarding claim 21, Bai discloses that the first and second gate electrode materials may 
be made of nickel, ruthenium oxide or ruthenium (col. 1, In. 41-53; col. 4, In. 3-9; col. 4, In. 42- 
53). 

Regarding claim 22, Bai discloses that one of the gate electrodes may be made of a metal 
nitride (MoN) (col. 1, In. 41-53). 

Regarding claim 33, Bai discloses depositing a layer of first gate electrode material (130 
or 135 can be considered "a first gate electrode layer") over the first and second regions of the 
substrate (Fig. 4 and 6). 

Regarding claim 34, Bai discloses removing the first gate electrode material from over 
the second region without removing the underlying barrier layer (Fig. 5 and 7). 
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Regarding claim 35, in the event that the material 135 is considered to be the first gate 
electrode material, Bai discloses that the first gate electrode material is removed from over the 
second region by chemical mechanical polishing (col 4, In. 55-64). 

Regarding claim 36, Bai discloses depositing a layer of second gate electrode material 
(130 or 135 can be considered "a second gate electrode layer") over the first and second regions 
of the substrate (Fig. 4 and 6). 

Regarding claim 37, in the even that the material 130 is considered to be the first gate 
electrode material, Bai discloses that the first gate electrode material is removed from over the 
second region by differential etching (col. 29-33). 

Regarding claims 38 and 41, Bai discloses depositing a layer of second gate electrode 
material (130 or 135 can be considered "a second gate electrode layer") over the first and second 
regions of the substrate and removing the second gate electrode material from over the first 
region without removing the underlying barrier layer (Fig. 5, 7 and 8). 

Regarding claim 40, Bai discloses etching the barrier layer over portions of the second 
region to a thickness of 0 Angstroms (Fig. 8). 

Regarding claim 42, Bai discloses depositing a dielectric layer (120) over first and second 
regions (105/1 15) of a substrate, depositing a barrier layer (125) directly over the dielectric layer 
such that it overlies both the first and second regions, depositing a first gate electrode material 
(130 or 135) over the first and second regions, removing the first gate electrode material from 
over the first region without removing the barrier layer, depositing a second gate electrode 
material (135 or 130), and defining a first and second electrode in the first and second regions. 
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Claims 29-32 are rejected under 35 U.S.C. 103(a) as being unpatentable over Bai et al. 
(US 6,166,417) in view of Elers et al. (WO 01/29893 Al), as applied to claim 15 above, and 
further in view of Pomarede et al. (US 6,613,695, previously cited). 

Regarding claims 29-32, Bai discloses that the gate dielectric layer may be SiC>2, but Bai 
does not disclose a method of forming the dielectric layer, nor treating the dielectric layer to 
remove OH groups. Pomarede teaches that it is advantageous to treat a layer such as Si02 with a 
mixture including ammonia (nitrogen-hydrogen) plasma and nitrogen radicals in the event that 
the Si02 layer will be covered with a layer of material deposited by ALD (col. 8, In. 61 - col. 9, 
In. 35). This process inherently replaces OH groups on the surface of the Si02 with nitrogen 
atoms. Pomarede states, "By changing the surface termination of the substrate [SiOa] with a low 
temperature radical treatment, subsequent deposition is advantageously facilitated without 
significantly affecting the bulk properties of the underlying material." (Abstract). At the time of 
the invention, it would have been obvious to one of ordinary skill in the art to treat the surface of 
the gate dielectric film of Bai as is taught by Pomarede because Pomarede teaches that it is 
advantageous to treat the surface of a layer that will have an ALD subsequently deposited 
thereon. 

Claim 39 is rejected under 35 U.S.C. 103(a) as being unpatentable over Bai et al. (US 
6,166,417) in view of Elers et al. (WO 01/29893 Al), as applied to claim 15 above, and further 
in view of Chang et al. (US 6,660,630, previously cited). 

Regarding claim 39, Bai does not disclose depositing a layer of conductive material over 
the first and second gate electrode layers. However, as is disclosed by Chang, it is necessary in 
the fabrication of semiconductor devices such as that of Bai, to deposit multi-layered conductive 
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interconnection structures above the gates of a semiconductor device in order to provide required 
wiring to the gates of the device (col. 1, In. 34-65). Such structures are well-known in the art. 
At the time of the invention, it would have been obvious to one of ordinary skill in the art to 
deposit conductive material over the first and second gate electrode layers of Bai for the purpose 
of forming a multi-layered interconnection structure that connects the gate with upper-level 
wiring because such structures are necessary to the function of the gate and are well-known in 
the art. 

Response to Arguments 
Applicant's arguments filed May 20, 2004 have been fully considered but they are not 
persuasive. 

Regarding claims 1,15 and 42, Applicant argues that Elers allegedly fails to provide 
motivation for forming the barrier layer of Bai such that it is an ALD nanolaminate because 
Elers' barrier layer is used in a damascene structure, whereas Bai's barrier layer is used in a gate 
electrode. The motivation for combining the teachings of Elers with the invention of Bai is that 
Bai teaches no method of forming the barrier layer, while Elers teaches that the specific method 
of forming a barrier layer such that it is a nanolaminate deposited by ALD serves to form an 
unusually successful barrier layer because such a layer has "very complicated diffusion paths for 
impurities through disruption of normal crystal growth during deposition". Elers teaches that, in 
particular, this barrier layer can be used to prevent diffusion between an overlying metal layer 
and an underlying silicon oxide layer. Bai's invention includes a barrier layer designed to 
"prevent physical interaction" (diffusion) of an overlying metal layer and an underlying silicon 
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oxide layer. Therefore, it would have been obvious to one of ordinary skill in the art to use the 
diffusion barrier formation method of Elers to form the diffusion barrier of Bai. 

Conclusion 

Applicant's amendment necessitated the new ground(s) of rejection presented in this 
Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a). 
Applicant is reminded of the extension of time policy as set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
CFR 1.136(a) will be calculated from the mailing date of the advisory action. In no event, 
however, will the statutory period for reply expire later than SIX MONTHS from the date of this 
final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Christy L. Novacek whose telephone number is (571) 272-1839. 
The examiner can normally be reached on Monday-Thursday and alternate Fridays 7:30 - 5:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Amir Zarabian can be reached on (571) 272-1852. The fax phone number for the 
organization where this application or proceeding is assigned is 703-872-9306. 
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Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 
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July 29, 2004 

MARIA F. GUERRERO 
PRIMARY EXAMINER 



